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Crossing the Valley of Death - An integrated
framework and a value chain for emerging
technologies

Abstract The paper develops an integrated technology-pudhnaarket-pull framework, and a value chain modeldmssing

the Valley of Death (VOD-the gap between laboratamg market) for emerging technologies, based ongpy and secondary
data analyses and a survey conducted on Europsearch and development projects. The study usaseaaf micro and nano-
manufacturing technology (MNT) and confirms thesgaice of the VOD through the survey data analysimixed-methods
approach was adopted which investigated the busiaed technical challenges to the commercializadbMNT. A notable

finding is that the emerging MNT often does not dav direct link with market demand and the resuligests that an
intermediary role between advanced technology amdkeh demand should be integrated to act as caaadifor overcoming the
VOD. The paper also examines how an intermedigrucial to escape the VOD, within the value chddithe interdependent

relationships between actors.

Index Terms—technology-push, market-pull, intermediaries, vaky of death, emerging technology

. INTRODUCTION

Nowadays, manufacturing is recognized as an impbrta
driver of a nation’s wealth. There is a strong eagi$ on
obtaining more innovation from research, and coalan
between the worlds of science and business, withé
European Union [1], which supports the need to stigate
the typical ‘technology-push’ nature of science,dan
‘market-pull’ nature of business, and to develop an
integrated technology-push and market-pull framéyvéor
crossing the VOD in emerging technologies, sucMBg'.
There are two dominant factors affecting manuféaotur
industry: the relentless pace of technological tEpraent
and globalization. To survive in such a competitive
environment, it is important to focus on the depebent
and exploitation of key emerging technologies andtle
development of ‘innovation platforms’, where the
integration of a range of technologies, and thdebeto-
ordination of policy and procurement, will resuft & step
change in performance. To some extent, technolegy i
means by which manufacturing firms can strive tsuea
economic sustainability and competitiveness in diifiscult
and uncertain environment. On the other hand,ap&lrate

of technological change, and associated shortetygtdife
cycles, are part of the challenge [2].

The economics of technological innovation have beea

of the central issues in technology management. The
literature commonly talks about sustaining techgies and
disruptive technologies [3], [4], with particulamphasis on
consumer products [5], [6]. “Sustaining” technokxsyi
typically support current manufacturing practicesd a
product performance, and are evolutionary or inemad in

their development. In contrast, disruptive techgide
typically do not support traditional firm-based
manufacturing  practices. In  addition, disruptive
technologies generate products with different penfoce
attributes that require early-adopters to signiftgachange
their behavior to use the innovation [7]. Manufaictg
industry must innovate in those high-tech actisgitithat
offer added-value, rather than on improving exgtin
technologies and products [8]. It seems quite clear
therefore, that small scale technologies are vapable of
meeting these requisites. The emerging micro- ahtd N6
one example of disruptive and small scale technetod-or
the purpose of this paper, MNT refers to a widegeaof
technologies used to fabricate structures at therarand
nano scale, such as structuring processes, bialogic
components, and products using nanoparticles ore mor
complex systems, such as lab-on chip devices. VNS,
comprises a wide range of approaches that are quite
heterogeneous, with regards to their subjects of
investigation, possible applications and imagingi#eods

of realization. Studies highlighting MNT as a distive
technology, and the importance of developing MNT
innovation models, have been carried out by e.gutt al.

[9], Romig Jr et al. [10] and all the referencesréin.
Technologies for micro and nano multi-material gsging,
including 3D structuring technologies, are becomingre
and more important for innovative applications, in
practically all manufacturing sectors, since theyalde
flexible and cost-efficient manufacturing of muliifctional
products made of different materials [11], [12].dddition

to functional integration, MNT introduces signifita
improvements in product manufacturing techniqudispfa
which can dramatically disrupt the way a new, iratoxe
product should be designed. However, such multtfanel
integration requires multidisciplinary expertisedahe use



of complex process-chains, which utilize the calites of

a large number of new technologies. The disparatigre of
expertise and high capital investment requiredse these
technologies, coupled with the rapid advance irabdities,
makes it difficult for product designers to keepeast of
what can be achieved. As such, it is hypothesized t
product innovation based on MNT is likely to bedened,
thus not realizing its full potential. Rapid advaadn MNT
have created a dilemma for organizations as tohenghey
should, and how they might, implement these teduieb
successfully. These technologies do not have aeprpath
from scientific discovery to mass production andréfore
require novel approaches for crossing the VOD [18]-
The underlying motivation, and driving forces, behithe
innovation of such emerging technologies, are desdrby
the concepts of technology-push and market-pul}-[2Z].

A fuller understanding of this area is requiredbtalge the
gap between the laboratory and the market (VOD) smnd
ensure the successful commercialization of MNT-tase
products.

A thorough review of literature on technology-puahd
market-pull was essential in order to understang MNT
relates to technology-push and market-pull. A sysitic
literature review process was used for this, wigobvides
some key classifications on how the technology-pasti
market-pull theories have been used to examine
technological innovation processes. More imponaritie
review serves as the basis of our proposition kbereling
the concepts further, and to develop an integrated
framework in the context of emerging and disruptive
technologies, such as MNT. The results of the mvie
clearly suggest that the traditional framework iso t
simplistic and leads to a tendency to treat thecepts of
technology-push and market-pull as two extreme efds)
supporting our motivation to extend the framewdksed
on primary and secondary data analyses and thenssg

to a survey performed on 88 European research and

development projects of the Multi-Material Micro
Manufacture (4M) community in Europe, an integrated
technology-push and market-pull framework introdlde
address the following research question: How do
intermediaries facilitate crossing the VOD, for egieg
technologies such as MNT. To accomplish our researc
objective, a value chain model is also developed,tfie
case of MNT, to validate the framework and to shHow
the intermediaries help to get through VOD, while
combining push and pull strategies.

It is important to recall that disruptive or radica
technological change is a function of the capatityturn
science-based inventions into commercially viable
innovations. Research and experience show thabbiiee
well-known roadblocks in the innovation process][123]

is the so-called VOD, which describes how R&D petge
originating from basic scientific research, fail teach
commercialization/application. The notion of a ‘VOB so
pervasive in industry that the term appears somewha
matter-of-facty in engineering and manufacturingréiture
[13]-[16], as many new products simply disappeathia

product development VOD, partly due to manufactyrin
costs, and limited product development budgets,
coordination problems, and an inability to secureding in
order to progress to the next level of innovation.
This study makes two important contributiorfarst, it
contributes to technology-push and market-pultditere by
introducing an integrated technology-push and nigoké
framework, where the intermediary role lies betwédlea
technology-push and market-pull inherent in thelitranal
framework. The existence of VOD, in the MNT inndueat
process, is confirmed in our survey, which suppants
proposition of including the intermediaries in the
technology-push and market-pull dynamiSecond this
study improves our understanding of the relatignshi
between the role of intermediaries and the VOD, retihe
intermediaries were able to improve the speed araity
of the technology transfer under development. Wewsh
how intermediaries leverage inter-organizational
collaboration (“value chain”) and remove the bagim the
context of MNT commercialization. This also suggesiat
the intermediary role is crucial to escape from K@D,
turning technologies into full commercial and bess
successes. To support and validate the importahtbeo
intermediary role in the integrated framework, agpical
example of innovation value chain/network, in tluntext
of MNT, is also included in the study.

The paper proceeds as follows. The next sectiosepts
a theoretical framework outlining a systematic réitare
review and the underlying motivation and drivingcies
behind the technology-push and market-pull dynamie.
also review the literature on intermediaries anel value
chain. Section 3 presents our methodological ambr@ad
research design. The empirical findings of interiagd
actors and how they facilitate crossing the VOD are
outlined in Section 4. The Innovation value chainthe
context of MNT, is also presented in this sectibmally,
Section 5 presents discussions and concluding kesmeith
a note on future research directions.

Il.  THEORETICAL BACKGROUND AND LITERATURE REVIEW

In order to facilitate a consistent approach taewing the
literature in the area of technology-push and maplad,

we introduced the structured systematic review otbth
Such reviews were developed by Cochrane in thelBf@s
[24]. They differ from standard literature revievicause
they adopt a structured approach to the comparifon
studies, instead of simple narratives, which cabibsed. A

key advantage of systematic reviews is that rebeaock is
pooled from a number of sources, and, as such,oie m
powerful than single data sets. To begin with, ey
electronic databases for the subject area weretifigen
using MetaliBM (Metalib™ is a meta-search engine that
searches across a wide range of electronic dawbase
simultaneously). This search highlighted databaststhe
largest datasets, which referred to peer-revievadanpl
articles. Those selected were - ABI/INFORM (Prodyes
Business Source Premier (EBSCO), Scopus and Emerald
Library. These electronic references were all asmbs/ia



TEM-16-0113.R1

Metalib™. Initial pilot searches were conducted using each
database and a number of initial search terms. The
relevance of the articles returned was determingd b
scanning the abstracts. If the search was stilitifjgng too
wide a sample, then additional search terms wegsl,us
along with limiting strings. To increase the qualibf
articles returned, the search was restricted tooladly
journals, and peer-reviewed articles only. Furtteemthe
range was 1995 to the present, reflecting the tpweélthis
area and a wish to keep the work up-to-date.

Considering the above systematic review, this seatiakes

a synthesis of literature, in order to build a camm
understanding of technology-push and market-pull
strategies. The concepts were introduced by Scim&®67
[19], as the underlying motivation and driving fescbehind
the innovation of a new technology. Technology-paah

be described as creative, and/or destructive, wiW or
major improvements; while market-pull is a replaeainor
substitute [25]. In the first stage of the Margmisdel [7],
called ‘idea recognition’, the source of innovatios
deemed to come either from the recognition of
technological feasibility, that is a ‘technologysh or
from the recognition of potential demand, known as
‘market-pull’. Another view comes from Abernathy dan
Utterback [26], stating that radical product andgass
innovation (technology-push) is subsequently foldwby
incremental innovations (market-pull). This is ctardance
with Pavitt [27], who states that technology istigatarly
relevant for the early stages of the product lifele, and
market factors, especially for their further diffus.

It has already been recognized that demand siderfaand
technology side factors jointly determine a compaiR&D
success [28] and, therefore, successful productsenvices
rely on the targeted combination of market-pull and
technology-push activities [29], since the inteigmat of
push-pull factors generally contributes to moreoiation

in a company [29]. In fact, it is claimed that teehnology-
push and the market-pull factors are the primaiyeds of
technological innovation [21], [30], [31]. The tewiogy-
push concept is based on the view that a new #agent
discovery will trigger innovations ending with
commercialization of a new technology or producheT
technology-push concept argues that the users’'snesee a
relatively minor role in determining the pace andection

of technological innovation. On the other hand, nierket-
pull concept is based on the view that users’ negdshe
key drivers of innovation, thereby suggesting that
companies should pay more attention to the needsearfs
[21]. Such a clear-cut differentiation is hard testjfy in
practice, but remains useful for the sake of tigsuksion.

In the literature, there are many studies examiriregtwo
factors from different perspectives. Rothwell [#@hsiders
technology-push and market-pull as one of the nwitethe
innovation process. He argued that the first gdimera
innovation process was dominated by technology-push
based on the assumption that more R&D will resulnbre
successful new products. This innovation processiroed
during the 1950s to mid -1960s. But, toward theoeddalf

of the 1960s, companies started putting greatehasip on
marketing, as market competition increased. Therskc
generation, or market-pull, model of the innovatjmocess
was introduced. According to this model, the mankest
the main driver for directing R&D. It was realizéuht one

of the main risks inherent in the market-pull modaes that

it could lead companies to neglect long-term R&D
strategies and become locked into a regime of tdobical
incrementalism. As a result, the danger was a lufss
capacity to adapt to radical technological changes.
However, empirical studies on successful innovation
indicated that the technology-push and market-ptels
were extreme and atypical. This led to the germmadf the
‘interactive’, or ‘coupling’, model of innovatior3p]. The
model represents the confluence of technological
capabilities and market needs. In a similar vievglshl et

al. [25] proposed a disruptive technology innovatinodel
that integrates the technology-push and market-pull
theories, and the differentiation between discamtirs or
disruptive, and continuous or sustaining, innovatio
(‘continuous’ being used as an alternative term for
‘incremental’). The model displays four technolaggfket
strategy typologies, two for each technology catggmd
market strategy. Kassicieh et al. [33] differergtibetween
the commercialization activities of disruptive aubtaining
(i.e. continuous) technologies. They found thatping the
commercialization of sustaining technologies seetoede
focused more on revenue generation and market fedten
whereas firms working with disruptive technologsegm to
understand the need to develop the supportingsitnéreture

to create new products. The authors, however, did n
explicitty  discuss the extent to which those
commercialization activities are influenced by nwrfull
and technology-push factors.

Although there have been extensive studies initeeature
discussing such concepts, our systematic literatewew
highlighted a gap in the literature, suggesting thare is
still a need to enhance the concept, particulathemwthe
primary concern is the better understanding offtwtors
enabling the successful take up and exploitation of
emerging and disruptive technologies, such as MAf.
important observation from the literature — hightigg
another gap - indicates that most studies consiter
technology-push and market-pull theory as the piyma
drivers of innovation, without making a clear distion
between the types of innovation involved.

Nemet [34] followed a line of inquiry that is similto ours,

in the sense that he questioned the notion of t#oby-
push and demand-pull, when applied to non-increatent
technical change. The author, however, emphasings o
demand-pull factors, and considers more specific
environments - where demand is largely attributatoe
actions by governments - as intermediary. In the
technology-push approach, the government’s goatois
increase the availability of new knowledge, whilie,
demand-pull, the goal is to increase the size aketa for
commercialized knowledge. Examples of technologshpu
policies include: public R&D funding, R&D tax creslj



subsidizing education, and supporting knowledgavorks.
Examples of demand-pull include: intellectual pndype
rights, pricing externalities, subsidizing demand,
government procurement, and technology standards.
Furthermore, where advanced high technologies, ssch
MNT, are concerned, technological policy intervens are
developed at the national level.

This research identified a number of intermediarisd
interviewed them to understand how they contribamne
position themselves Vis a Vis the technology-pustdl a
market-pull models. Intermediaries possess reseuare
competencies to conduct technology commercialinagiod
provide technology providers with the opportunity t
concentrate on their explorative strengths [35].
Intermediaries play a crucial role, as they helprisure that
technologies can be matched to an industrial fion f
exploitation, reduce transaction costs [36] and may
therefore contribute to increasing the operational
effectiveness of the market for technology [37]. In
technology markets, intermediaries are seen agrixtted
research institutions -providing tools, methods aed/ices
that foster knowledge transfer, thus strengthenthg
innovation process. On the other hand, the kechieging
superior R&D productivity and speed of innovationda
production of top quality products, is through teclogy
integration. As MNT research is a more processedriv
approach, technology integration is becoming muarem
important in the sector. An effective MNT technaojog
integration process may start in the earliest phadean
R&D project, and provides a road map for later etagf
product development. So, gaining and sustaining a
competitive advantage in an increasingly complex
production system, requires that a company undetstthe
entire value chain, not just the portion of it irhieh it
participates [38]. In summary, a systematic revidwecent
technology-push and market-pull literature hightegh the
following:

- It appears that there are strong interdependencies
between technology-push and market-pull models.
At the same time, there appears to be a research
gap to understand how these approaches are used,
to manage the product and process life cycle for
MNT, and to develop a tailored framework for
such emerging technology.

- Uncertainty is a common factor, referred to when
managing the development of new technology
paradigms [31], since adoption depends on its
successful diffusion.

- A simple overall push-pull approach appears
inadequate. Our literature review highlighted a
gap for a contemporary integrated technology-
push and market-pull model. Such a model would
be used to understand the adoption of emerging
MNT.

Ill.  RESEARCH DESIGN AND AN INTEGRATED TECHNOLOGY
PUSH AND MARKET-PULL FRAMEWORK

The research began with the aforementioned systemat
review. This review highlighted a need for a corienary
integrated technology-push and market-pull model. A
mixed-methods research approach was adopted fer thi
study, harnessing the diverse range of researctoagies,
and providing a more holistic view of the area unde
investigation. The research process is outlineHigure 1,
and the methods of data collection and its anabtsigs are
provided in Table 1.

In this research, a portfolio of MNT-based R&D s,
that involve partners in the European Commissior6 FP
funded 4M Network of Excellence, was used for therey
data collection. To have access to a rich and atddl
knowledge repository, this portfolio is comprisedl &8
R&D projects spread over 17 different European dnio
member states focusing on MNT research. The pmoject
involve consortia of industry and R&D partners tlzaie
specialists in their fields and have agreed a j&&D
program. This research has been useful for alliggrtn
terms of identifying new research activities anacfic
development projects, either as a reaction to a new
capability emerging, as a fine-tuning of existingpgesses
and capabilities to solve a particular problem enésd by
current process limitations, or as a requirement of
operations which may occur later in a given proacgssn.

It also highlights those technologies which wilhieét from
industry-led testing and implementation to take@dpct or
process to market.

After proposing an integrated technology-push araket-
pull framework, we ran a Workshop, comprising ageaof
eminent academics and senior professionals fromareb
institutes and industry. The 30 participants coseilithe
17-strong 4M Executive Board and experts from thé 4
partners. The workshop participants were split ititcee
groups. The first group focused on identifying nnidgu
indicators for projects that target the developmeit

Literature analvsis
(Systematic review)

I
’ Research Clarification ‘ ‘

1

’ Goal: to propose an integrated pui pull model ‘

Workshop
(4M Network)

Empirical data collection

Integrated Research Government
Institutes ‘ Interventions
(E.g. Fraunhofer) ‘

Survey
(4M Network)

Validation of an integrated pus pull model

Innovation value chain

Fig. 1. An outline of the research process
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manufacturing technologies. The second group weesda®
focus on projects targeting the development ofiapfbns.
The third group was dedicated to projects aiming at
developing both technologies and applications atshme
time. A Delphi study was conducted in the seconid dfa
the workshop to identify the key indicators thatrevéhen
used to develop a self-administered on-line survey
guestionnaire, as the sample size was relativefyeland
geographically dispersed.

Many sources of literature [39], [40] were consdlfer
questionnaire best practice and all of the souds=xribe
how to extract the maximum available informationtlire
optimum time and space. Following several test;rumdch
resulted in two rounds of modifications and impnoeats,
the questionnaire was launched online. Participardase
asked to specify which MNT was relevant to the @cbj
considered. Projects would typically focus on owening

TABLE |
DESCRIPTION OF RESEARCH METHODS AND THEIR PURPOSE

Research Description Purpose

Literature analysis — |- To provide a consistent approach to revi
systematic review wide range of literatures covering
technology-push and market-pull,
intermediaries and value che

To create the initial assumptions and divine
how they were shaped by the existing
literature: clarification of the research
gaps (goals) to addre

Workshop & follow-on| - To assist the positioning of EU MNT

4M survey projects initiated, or completed, over the

period, wit EU, national, institutional
private funds, on a technology maturity
scale.

- To assess the distribution of research effprt

in Europe

Face-to-face interview - To explore how an integrated intermediafy

with integrated resear research organization transfers reseafc

institutions (E.g. to markets.

Fraunhofer) and with | - To understand the role of intermediaries

government actors government interventions.

Semi-structured - To gain a rich understanding of how a
interviews with actors government intervention programme dan
involved in UK be employed to develop MNT facilitied.
government - To gain a range of perspectives from
interventions industry and research organisatic

Research Clarificatior]

=]

limitations of a given manufacturing technologyjrgprove
and broaden its capabilities, or, more likely, ®velop a
product incorporating micro and nano features anty o
utilize one or a set of micro and MNT to produc#edéent
components of the developed product. This wasqudatily
important when considering that the project teatarided

to continue this work in a more industrial contewith
those institutes operating in the MNT environmemtyith
companies utilizing technologies leading toward MNT
adoption. Follow-up semi-structured face-to-faderviews
were conducted with the actors in the MNT valuertha

A literature analysis was built on the initial ceptions,
leading to the research gaps, and requirement for a
integrated technology-push and market-pull framéwdhe

use of varied and complementary research approaches
enabled us to triangulate data and develop theefnanrk

for emerging technologies, such as MNT, as shown in
Figure 2. There is a tendency to treat the concepts
technology-push and market-pull as two extreme efes)
with new technologies on one side and market demand
the other. Such a model is useful to discuss fatelife
cycle of most technologies; however, having redeaddhe
area of MNT, from a range of academic perspectiees.,
engineering and business), we believe this is toplstic.

The proposed integrated technology-push and maikiét-
framework is being developed to represent the links
between emerging micro- and MNT and market demand.

Advanced Emerging Technologies
Technological Opportunities
Manufacturing Capabilities
- New facturing technologi l
(cost minimization, new achievable *
slruetures) Intermediaries
- New component technologies with
increased functionality (small scale) Process Development
- Capturing and adding value
T—, - New production chains
Push - Operational effectiveness
{quality, speed) A
- Technology integration Market
- Crossing the Valley of Death Market and Business Development

- Extracting value
- Strategic changes for product

commercialization
- Competition in Business (disruption)
- Socictal need (functional products)

Fig. 2. An integrated technology-push and magkétframework for emergir
technology, such as MNT outline of the researcltgse

When considering emerging technologies such as MNT,
would appear that a clear difference needs to bdema
between what are described as ‘component techredogi
and ‘manufacturing technologies’. ‘Component tedbgy

can be an end-product which can be integrated rieto
innovative  end-products; whereas  ‘manufacturing
technology’ enables the development of new componen
technologies. This model introduces the idea that
manufacturing technologies often do not have actitiek
with market demand, particularly in the case ofeagsh
institutions or university departments. It propostst
between them lies an intermediary body, acting as
coordinator for the complex design issues inheresgn
developing such emerging technologies.

It is implied that the role of this intermediary tis match
market opportunities/needs with manufacturing céjpials.
While traditionally, this role is taken either bgchnology

providers, e.g. academic institutions or technology
companies that supply technological expertise and
prototypes, or end-product producer that address

environments where speed of innovation determires t
success of a company. Nowadays, universities dgtbark
to foster interactions and spillovers, so as t& liesearch
with application and commercialization. As a restite
processes of creation, acquisition, diffusion aaegloyment
of knowledge are at the core of the university’actions



[41]. This intermediary can in fact take a numbéother
forms, for example, Business Incubators (they mlevan
infrastructure to enable early stage ventures tabésh
their business), Science Parks (value-adding bwtiog
synergetic effects through technology-specific teus
building, via shared knowledge, thereby fosteridge t
direction of technology development), Technologgrisfer
Offices (value-adding based on direct commercitibnaof

IP objects), technology brokers and consulting camgs.
Many firms experience great difficulty in capturinglue
from open innovation, using intermediary servicés.
contrast, a few firms, such as Procter & Gambléjeae
substantial benefits from collaborating with seVera
intermediaries [42]. This study suggests that these
differences are strongly affected by the firms’ dievof
collaboration with intermediaries and the technglogder
development. This is emphasized in the integrated
framework in Figure 2. In a number of cases, EUding

bodies and numerous governments have deemed the

problem to be of such importance that they haverweined
with funding programs and/or interventions.

IV. FINDINGS

A. Network of research organizations

The importance of intermediaries has grown in regears
because manufacturing firms have increasingly aitedhto
acquire and transfer technology. Despite the grgwin
importance of innovation intermediaries, prior amait
research into this field is relatively limited [4B3]5]. In
addition, prior work on the technology transferidties of
manufacturing firms has hardly examined the role of
intermediaries [46]. On this basis, the paper gitsmio
deepen our understanding of the role of intermésiain
crossing the VOD and to examine the value chain of
manufacturing firms and intermediaries in the crhtef
MNT. We also show how actors actively collaboratighw
intermediaries in capturing and extracting valugeppening

up their innovation processes.

A good example of the network of research orgaitunatis
the 4M Network, which seeks to integrate fragmented
European R&D capacity, in non-silicon micro tectogis,
into a European Centre of Excellence. It is desigioehelp
European companies engage with the growing demand f
micro- and nano-technology, by supporting their
development of batch-manufacture of micro-compament
and devices in a range of materials. The 4M netwotk as
an intermediary, as defined in Figure 2. It shdoédnoted
that the vast majority of the partners were redearc
institutions. Due to the complexity of the manutairtg
processes considered, and the fact that thestutitsis are
recognized as leaders in their respective field&tumope,
we believe that their involvement in the technolpygh
and market-pull balance should be representatiie88
European projects, 81 research projects gave wuffic
budget information on both total budget, building @ a
total budget of 242 million Euros, and industrial

contribution, to allow us to draw an interestingtpre of
the types of ‘intermediary’ stimulating MNT’s R&Dni
Europe. Five types of such ‘intermediary’ were iifead,
namely the Industry, the R&D Institutions (Institutal),
Regional Funding bodies, National Funding bodies] a
European Funding bodies (EU).

Figure 3 shows the distribution of projects peeiintediary,
the biggest contributor appears to be National Ewsd
followed by the EU Funders. However, looking at the
budget distribution per intermediary (Figure 4)ge tBU
appears to be the most significant funder followsd
National Funders, leaving other types almost négég
The total industry-led budget is less than 1% (fégt), and
the industry contribution appears significant omthin
public-led budgets (Figure 6).

Institutional,
4

Industry,

va

Regional, 4

Fig. 3. Project distribution per intermediary

More specifically, as illustrated in Figure 5 and iBis
important to distinguish between the projects floatised
on the development of new products only (withoseesch
in manufacturing processes), the projects that deduon
the development of new manufacturing processehdwit
focusing specific product) and those that focusedoth.
With this in mind, at almost 34 million Euros thedustry
contribution to this portfolio of research projectaches
14%. As shown in Figure 6, 59% of contribution wése
research projects focusing on both the developmEnew
products and new manufacturing processes; 30% foere
projects focusing on the development of novel
manufacturing processes; and only 11% were foreptsj
focusing on the development of new functional prislu
This could be interpreted as an interesting direatket-
pull dynamic, where new manufacturing technologies
developed concurrently with the design of new potsiu
(59%).

The industry contribution mentioned above was ryqsrt
of a wider funding scheme organized by anotheraied
intermediary, generally the EU, where 50-60% ofustdy
contributions (Figure 6) and the total budgets (Fég5)
were dedicated to concurrent research for bothgzoand
product development. These figures demonstrate ttieat
development of these MNT benefit strongly from
intermediaries bringing together manufacturing téliees
and marketable products. There are only a few tmghlesd
projects, to which the surveyed institution tooktpand
this could be explained by the high risk, linkedhathe use
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of emerging MNT and because an intermediary hefps i
minimizing said risk.

The interesting finding is that, generally, resbabtidgets
in ‘processes research’ are higher than in ‘prodes¢arch’,
which is to be expected, for research institutidthewever,
looking at the industry contribution, this is stlrongly the
case for EU-funded projects, with 2% contributicor f
products research and 37% for processes reseanths b
totally the opposite for Nationally funded projeotsth 3%
contribution for ‘processes research’ and 37% fwoducts
research’ (see Figure 6). This might reflect déferfunding
priorities, depending on the intermediary.

These different types of intermediary services rsjlp
affect the issue of how manufacturing firms may
successfully collaborate with the intermediarieas& on
the multiple types, many manufacturing firms arewno
willing to pursue technology transfer more activelhe
role of intermediaries (e.g. business incubatachrielogy
broker) thus have a significant impact on the ssgoef
manufacturing firms. This study provides an exammphe
how the role of intermediaries improves the producand
commercialization speed, as well as the qualitthefend-
product. The studied company, based in Oxford, $Ka
global provider of laser processing equipment and
manufacturing services for the fiber optic and wmicr
machining markets. They have an impressive tractroeof
developing new and novel laser processes, on tberand
nano-scale, and of transitioning these into rolaust cost
effective production-line solutions in microelegiics,
photonics and precision engineering. The intermestia
help accelerate the speed with which product desigas
can be assessed, and/or parts modified, usinglaBee use
of laser-based micro and nano-manufacturing alldhes
high-volume stage to be reached quicker and allthes
client to choose the right time to commit to thdl fu
production stage.
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Fig. 5. Project budgets distribution per internaegi

The company can be considered a niche manufactluer,
to its high-end products requiring in-depth techhic
expertise, along with an expensive unit cost, aradtaches
more importance to quality and customer satisfactio
because they see it as giving them a competitige.etrust
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Fig. 6. Industry contribution per intermediary

and close relationship building with customers ane of
the driving forces of the company’s performance.e Th
senior management work closely with intermediadesl
customers as part of the day-to-day running obilgness.

It is worth noting that laser micro and nano makign
and/or processing are becoming important in product
development plans across industries.

B. Government interventions

The purpose of analyzing government interventidrased
on interview data analyses, is to highlight theeraf
intermediaries in the MNT sector. In the US, MNT is
recognized as a critical technology for the 21sttwey and
considered to be at the early stage of exploitat®oth
federal and local government funding, via interraegdi
bodies, support interdisciplinary research teamsluding
long term fundamental science and engineering relsdar
translation into useful applications. The internaeidis have
channeled the research funds into the creatiorcademic
centers of excellence, rather than university-itrgus
collaborations. R&D infrastructure, including a ioatvide
network of shared-use facilities called the Natlona
Nanotechnology Infrastructure Network (NNIN) wasal
established for transforming MNT research into uksef
applications. Outside the NNIN, various public gé/ate
funding agencies, as intermediaries, are also wedbl
These intermediary organizations, which sit between
businesses and the university sector, perform many
functions, including foresight and diagnostic asay
various kinds of accreditation, validation and fagan,
and finally, activities connected more directly lwithe
commercialization process in the MNT sector.

In Japan, the focus is on involvement of both thklip and
the private sector, as opposed to the US wheresindu
makes most of the decisions in the later stageshef
innovation process. Government organizations ang ve
large corporations are the main source of fundimgMNT,
while small and medium-sized companies play a miata.
The role of intermediaries in the Japanese MNTesystias



strengthened through the recent Science and Temiyol
Basic Plan initiated by government, bridging pubdind
private research and knowledge transfer. Internal
intermediaries, for example, technology licensirffices
(TLO) have proliferated in Japan, after the BayHeDAct
(1980) granted US universities the right to appiaiprand
commercially exploit knowledge generated by, omijyi
with, academic departments. After conducting aeseoif 25
face-to-face interviews with the actors both in lpuland
private sectors, some suggestions have been made. F
example, government need to make continuous inesgtm
in research, in a competitive manner, among rekearc
groups in MNT, to maintain their country's
competitiveness. To overcome the barriers betwegly e
technology breakthroughs and products in the MNJese
continuous government funding and its proper w@ilon
could make the difference between shelf technolgy a
commercial success.

On the other hand, the UK government drew up ptans
address the technology gap in the UK market for MB&id

an intervention and innovation program followed ][35
creating a regionally-dispersed network of MNT ligieis.
This network was created to provide UK businessil w
access to the latest range of MNT services andbditjes
within key sectors; an example of a mechanism bighva
public body has attempted to fill the void between
technologies and application, and therefore this ifi the
‘intermediary’ box of Figure 2. We have collecteatal from

28 key stakeholders from the intervention network.
Stakeholders ranged from the ‘architect’ of the teen
through to regional development technology managers
MNT center CEOs/Directors, and the government auslit
of the program. Overall, interviewees consider that
government intervention has been favorable, witfew
exceptions. Examples were given where productsdcoot
have developed without access to these MNT cenbees;
particular example saw the development of a mitriolt
device used in a piece of analysis equipment fa& th
pharmaceutical sector. However, conditions placedhe
MNT centers from the administered grants, mearit tita
ability of some centers to bridge the commercisiizagap
from technology-push to technology application was
difficult. A number of interviewees, with vast exfnce of
developing new technologies, talked of time peri@igying
from at least seven years and upwards from ideantb
product. Partly, this depends upon the level dfahrisk, or
‘newness’ the technology exhibits, i.e. more depetb
technologies are likely to be applied far quickehereas
truly ‘emerging’ technologies are likely to needlang
period of funding and development. The need for
intermediaries to consider realistic developmerttale-
scales must also be considered, to meet the batetaeen
technology-push and market-pull. The complexity tioé
intermediary in meeting the customers need emeagean
important theme. A number of centers described the
situation where customers often do not understahdtw
they need; or the difficulties of communicating whan be
achieved with an emerging technology such as MNiO, a

what is required. This is a reflection of the coexity of
developing emerging MNT.

C. Crossing the Valley of Death

In the survey, MNT research projects were clagsifinder

six non-exclusive design and manufacturing R&D
categories, namely: 1) New product, 2) New manufaug
technology, 3) New manufacturing process chain, 4)
Improved product, 5) Improved manufacturing tecbgg|
and 6) Development of improved manufacturing preces
chain. Figure 7 shows the number of surveyed pt®jec
falling under each of these six categories. Ihteresting to
note from the survey data analysis that the mgjoifithese
projects are focused on new developments, ratlzer tm
improvements, which stresses the innovative ‘cdhteh
the field. The findings show that 62.5% of thesejgtts
were focusing on new or improved products based on
micro-manufacturing technologies. The remaining53a.
were focusing only on developing the capabilitidstie
manufacturing technologies themselves. This suresylt
shows the expected product innovation potential, 41%6

of the projects were both focusing on product and
technology development, while for only 21.6% of the
projects were the manufacturing technologies cemsidl
mature enough to produce the products. Thus, threskict
concepts appear to mainly sit at the early stagethé
innovation process, where the VOD generally appears
While more than 60% of the projects involved indiast
partners contributing to around 14% of the totalding as
stated in section 4.1, the actual total amounthénprivately-

led budgets was relatively low when compared whhb t
publicly-led budgets. For an unbiased analysis, emor
information on privately funded projects would eejuired;
however these figures suggest that many product
innovations based on MNT are still relying on pabli
funding to escape from the VOD. The reason for ibjs
most probably, the high risk involved when integgtinto
product functions requiring multidisciplinary micro
manufacturing expertise, and the development or
improvement of micro manufacturing technologies.
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Fig. 7. Number of projects per theme

Thus, it seems that MNT are still not fully intetge in
the market-pull and technology-push dynamic.
existence of the VOD in MNT development is confichie
our survey, suggesting that the intermediary relerucial

The
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to escape from this VOD, turning the technolog@sheeir
full innovative potential. This supports our propios of
including the intermediary role in the technologysh and
market-pull dynamic.

D. Innovation value chain in the context of MNT

As stated in Figure 2, the integrated technologshpand
market-pull model suggests that innovations in MBI
complex and necessitate different players perfagmin
different functions, at the market demand end, the
advancement of technologies at the other end, aed t
intermediary functions between those two ends. Aemo
formal framework, that is relevant in analyzing kuc
complex and multi-disciplinary innovation processies
MNT, is the so called ‘innovation value network’dder
and Kapoor [48] define a value network as the baltative
arrangements through which firms or organizaticoralzine
their individual offerings into a coherent, custorfacing
solution. The value network concept offers a corhensive
view of understanding how the innovation processes
MNT can, and should, be broken down into differieter-
related and inter-dependent processes, and whats/ghe
different players could offer without which sucdes8NT
adoptions could never be realized.

In the case of MNT, as confirmed by the resultsoof
interviews and survey, new manufacturing technesgor
new market opportunities, that have emerged quienp
only send weak and ambiguous signals to the othdr e
This is particularly true when the expected sudoéss
innovation needs to overcome many complex desgress
Using the value network concept, we argue that the
intermediary roles carried out by actors, who bgltm the
middle box, are crucial in turning opportunitiesperging
either from a new technology or market demand, ato
successful innovation.

An example of a value network in the context of Mi&T
used to support our argument on the importancehef t
intermediary role in the technology-push and mapket
model. The example is based on SEMOFS, a projedeftl
by the European Commission through the Sixth Fraoniew
Programme for research and technological developmen
involving five research partners, two industriattpars and
an end-user (hospital). Motivated by the generahdr
towards more decentralized and immediate diagrso$tic
health, the project's main aim is to develop a next
generation of polymer-based label-free biosensmsugh
the combination of innovative plasmonics, integiabgtics
(light source, detection) and micro-fluidics. Thidl be a
significant breakthrough, since all functions vk totally
integrated on a single polymer-based chip. Whenhiag
mass production capability, the chip will be extedynlow
cost and disposable, while providing increased igeits
and diagnosis possibilities.

The project can be seen as an innovation valuen obfi
many inter-connected pieces and players. Figurbdvs
the value chain representation of the project. Tian
contributing role and the associated partners l&sifs:

- Plasmonics: to enhance the surface-plasmon resenanc
(SPR) sensor, enabling label-free optical detection
system

- Active Micro Optics: to fully integrate active apassive
optical components

- Functionalisation: to accommodate biotechnological
functionalisation of a sensor surface through the
creation of a chemical interface between the sensor
surface and the antibody

- Active Micro Fluidics: to produce biocompatible
microfluidics with integrated fluidic actuators

- Integration: to integrate all the functions ont@aymer
chip

- Industrial applications

- Proof of concept

- Main funder and facilitator: European Commission

While Figure 8 depicts the project as an innovatialue
network, the actual interdependent relationshipsvéen
different partners are much more complex, whichgssts
that many issues exist in trying to optimally matitte
market demand requirements (medical applicatiott) e
technological capabilities available within the eash
centers. This example shows that such a promising
innovation is only made possible by the intervemtand
facilitation carried out by the European Commissighich
highlights the importance of the intermediary ine th
innovation processes, as we proposed in the framkewo
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Fig. 8. Example of an MNT innovation value network

This supports our proposition that the innovationde,
taking into account the dichotomy of push and fadtors,

is too simplistic and incomplete. The concept of an
innovation value network is also relevant to rdidta the
important roles that small firms can play in reialg
successful MNT adoption.

V. DISCUSSIONS AND CONCLUSION

There is a great deal of research on MNT innovation
However, there has not been any comprehensive ytheor
developed on how to conceptualize technology-pusth a
market-pull on an abstract level, combining theious
research results. This paper attempts to addréssgép,

and can be used as a benchmark for micro and nano-
technology practitioners and policy makers. In théper,



some important issues related to the understanadfirthe
current implementation behavior of MNT were disadss
The need for a pragmatic, integrated technologyparsd
market-pull model was highlighted, in order to bett
represent the links between emerging MNT and market
demand. While the market potential is clear, duethi®
emerging nature of innovations, they tend to behlkig
driven by R&D organizations, rather than by indysfrhe
model proposes that an intermediary body lies batwe
these two extremes, to act as coordinator: matching
opportunities and needs with manufacturing capasli
Traditionally, this role is taken either by a teolugy
provider or an end-product producer. However, other
important intermediaries exist — such as publiciyefed
programs, business incubators, technology trarcfferes,
technology brokers — as discussed in this paper.

An interesting finding is that research budgetspimcess
research’ are higher than in ‘product researchichlis to

be expected for research institutions. If we looKed
industrial contribution, this is true for the EUnfiled
project, but the opposite for nationally-fundedjpots. This
might reflect different funding priorities of inteediaries. It

is worth consulting the study by Linton and WaléB][who
suggest that process-based innovations, such as, MNT
require a new innovation model from the models tped
based on assembled products. For process-basedcfsod
product and process innovation are tightly couplieal, a
change in the manufacturing process is expecteestdt in

a significant change in the product, which hightggthe
increasing importance of coordination between ‘pe3e
research’ and ‘product research’. The survey resaolthis
paper, with two totally different profiles betwedaU-
funded and nationally funded projects, may raisgiestion

as to what extent coordination between funding éedias
taken place, to ensure that the benefit of the areke
investment is maximized.

The paper has shown that new manufacturing techiesp

for example, new component technologies with ineeda
functionality, do not have a direct link with matlgemand
and need an intermediary body for new product
development and commercialization. It is impliedttithe
role of this intermediary is to match market
opportunities/needs with manufacturing capabilitida
recent years, such an intermediary — the Fraunhosétute

in Germany — has supported both technology-push and
market-pull, by undertaking contract research fax™Mfor

the public sector, government, and industry, inicigdsmall
and medium-sized enterprises (SMEs), which lack the
critical mass to carry out their own R&D. They haaed

as an adviser to government and industry on relsearc
related issues, particularly on the commercializatiof
emerging or new technologies and have directedogimp
areas of activity meant to facilitate innovatiordahe quick
translation of ideas into high-quality products.drder to
maximize their potential as an intermediary botgythave
formed cooperative alliances that jointly offeritreervices

as well as advising executive boards on structarad
business development within their emerging resefietifs.

As a result, they were able to continuously tramsfe
technologies and expertise into industry. To pramibte
transfer of research into industrial applicatiorthey
established: Application Centers, Innovation Centand
Demonstration Centers. However, the complexity of
meeting customers’ needs emerged, as highlightetten
UK case.

We have also demonstrated that our view on the ity

of the MNT innovation processes, and the importaidae
intermediary role, is well supported by the forrsahcept

of a value network. The complete overview of SEMOFS
case, of the value chain of research and techndteggfer
processes, highlights the importance of an integrat
framework and intermediaries in which multidisaialry
groups and organizations work together. The valgnc
really highlights the importance of systematic kimig; the
MNT successful innovations would require collabimat
between different players at the market demand #mel,
advancement of technologies at the other end, &ed t
intermediary functions between those two ends. dginche
example case of a European Commission funded pyojec
we have demonstrated the existence and the sigindic of
such a network. This paper has sought to contributie
analysis on how intermediaries facilitate the iatgion
between various actors involved in the process of
technology diffusion, to crossing the VOD in thentaxt of
MNT, an issue that has gone largely unaddressethen
literature. What is required is closer and moreulay
collaboration between actors, in order to achieve
commercial success in emerging technology, and a
significant freedom to interact with intermediarieshighly
recommended, in line with Juanola-Feliu et al. [8].
Although this analysis is undertaken in the MNTtsgat is
believed that the presence of technology integnatad the
relationship between the role of intermediaries dhe
VOD, are relevant to other, science-driven highitedogy
industries, such as the emerging field of nanotelcgy.

As our suggestion for further research, it wouldvimeth
mapping different players that belong to each ef ttiree
elements of the integrated push-pull model andtifyemg

the extant interrelationships between them. Theltre$ this
process will help technology policy makers priastithe
type of research projects and/or research orgamimathat
should be funded. Furthermore, this mapping proeals
also help identify whether sustainable value nelradrave
been created. In relation to this, for example,rdsponses
obtained from our survey suggest that 72% of ptojec
consortia agree that their work is a part of thduea
network, particularly in the development of new duots.
However, there is insufficient information from ttsudy to
assess the success rates of those projects arahd¢tude
which aspects in the network have contributed te th
successes and which obstacles have contributecheo t
failures. As suggested by Adner and Kapoor [48]jsit
important to identify whether primary obstaclesujgstream

or downstream of the intermediary element. Upstream
obstacles act as barriers to production, and intrast)
downstream obstacles act as barriers to adoptide T
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policy makers can continuously play their strategites,
serving as catalysts for overcoming such obsta&legher
work would include additional survey data, fromvaiely-
funded projects, to further validate the integrdtadhework
presented in this paper.
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